Purpose Locked fracture-dislocations of the calcaneus are uncommon, and a substantial number of these injuries is not recognised or is misdiagnosed at first presentation. The primary aim of this study was to evaluate the long-term outcome in patients with this injury. Methods This is a retrospective cohort study of adult patients who sustained a uni-or bilateral calcaneal fracturedislocation. Outcome was measured using validated questionnaires, including the American Orthopaedic Foot and Ankle Society Hindfoot score (AOFAS), Foot Function Index (FFI) and a visual analogue scale (VAS). Results During the 12-year study period a total of 16 patients with 17 locked fracture-dislocations were identified. This represented 6 % of all surgically treated calcaneal fractures (17 of 279). The median follow-up was 48 months. All patients were treated using an extended lateral approach and plate fixation. In one patient with a delayed presentation a primary arthrodesis was performed. The functional outcome scores were available for 14 patients with 14 fractures. The median AOFAS was 74 [interquartile range (IQR) 47-86], the median FFI was 18 (IQR 6-37) and the median VAS for overall satisfaction was 8.2 (IQR 5.5-9.4). A secondary fusion was deemed necessary in three cases. Conclusions This study shows that, with surgical treatment via an extended lateral approach, the outcome in patients with a locked fracture-dislocation of the calcaneus is similar to the outcome of other displaced intra-articular calcaneal fracture types. However, a higher rate of secondary subtalar fusion can be expected.
Introduction
Locked fracture-dislocations of the calcaneus are uncommon, and a substantial number of these injuries is not recognised or is misdiagnosed at first presentation [1, 2] . In locked fracturedislocations the posterolateral joint fragment of the subtalar joint is positioned laterally from the talus or even wedged inbetween the talus and the lateral malleolus. This type of injury occurs due to an axial force with the hindfoot inverted [1] . When subsequently the lateral calcaneofibular ligaments rupture or the distal fibula fractures, the posterolateral segment of the calcaneus can dislocate including a portion of the posterior talocalcaneal joint [3] .
There is consensus in the literature that the optimal treatment for patients with locked fracture-dislocations of the calcaneus is operative management. However, the available studies included only a small number of patients. Secondly, most of these series lack the use of a functional outcome scoring system [1] [2] [3] [4] [5] .
The primary aim of this study was to evaluate the long-term outcome of patients with locked fracture-dislocations of the calcaneus. Secondly, the patient and fracture characteristics of locked fracture-dislocations of the calcaneus were evaluated.
Methods
This study is a retrospective cohort study of all consecutive adult patients who sustained a uni-or bilateral calcaneal fracture between 1 January 2000 and 31 December 2011. All patients with displaced intra-articular calcaneal fractures Tim Schepers and Manouk Backes contributed equally to this work.
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were treated operatively. An electronic database was searched for all patients with calcaneal fractures using the appropriate surgical codes. A total of 248 patients with 279 calcaneal fractures were treated operatively in this period.
All conventional radiographs and computed tomography (CT) scans were evaluated to identify all consecutive patients with a locked fracture-dislocation. A locked fracturedislocation was defined as a dislocation of the posterolateral portion of the calcaneus including a part of the posterior joint fragment lateral to the talus, wedged between the lateral talar process and the lateral malleolus on the axial and (semi-)coronal reconstructions of the CT scan (Figs. 1, 2 and 3) .
Data obtained from the medical charts and electronic radiographic viewer (IMPAX, Agfa HealthCare 2011) were gathered in a SPSS version 18 database (SPSS Inc., Chicago, IL, USA). Patient-related items were: gender, age at trauma, trauma mechanism and Injury Severity Score (ISS). Fracture characteristics were: presence of varus tilt of the talus [1] , double density sign [4, 6] , the involvement of the calcaneocuboid joint (CCJ) [7, 8] , associated fibula fracture [2] and Essex-Lopresti and Sanders classification (Fig. 1) . Surgical characteristics included were surgical delay and need for secondary subtalar arthrodesis.
Outcome was measured using validated questionnaires, which were sent by post in April 2013 after a minimum follow-up of 18 months, and consisted of the American Orthopaedic Foot and Ankle Society Hindfoot score (AOFAS) [9] , Foot Function Index (FFI) [10] and a visual analogue scale (VAS). The AOFAS score includes nine questions related to three components: pain (one question, 40 points), function (seven questions, 50 points) and alignment (one question, 10 points) leading to a best score of 100 points. The questions related to alignment and range of motion were completed by a physician based upon patient files and radiographs; the other questions were completed by the patient. The FFI consists of 23 questions to measure the impact of foot pathology on function in terms of pain, disability and restriction of activity. A lower score indicates a better outcome. Finally, a VAS was used to measure overall satisfaction of patients (range 0-10).
Statistics
Data were analysed using the PASW Statistics version 18.0 (SPSS Inc., Chicago, IL, USA). Normality of continuous data was tested with the Kolmogorov-Smirnov test and by inspecting the frequency distributions (histograms). Descriptive analysis was performed to assess baseline characteristics. For continuous data mean ± SD (parametric data) or medians with interquartile ranges (IQR, non-parametric data) were calculated. Differences were assessed using Student's t test (parametric data) or the Mann-Whitney U test (non-parametric data). Categorical data were compared using the chisquare test. A p value <0.05 was taken as the threshold of statistical significance.
Results
During the study period a total of 16 patients with 17 locked fracture-dislocations were identified (Table 1 ). This represented 6.1 % of all surgically treated calcaneal fractures (17 of 279).
There were 11 (67 %) male patients and five (33 %) female patients (Figs. 2 and 3 ). The median age at trauma was 43 years (IQR 36-57). The patients were operated upon, on average, after 13 days (range seven to 16). Two patients were polytrauma patients with an ISS of 16 or more (13 %). Eleven fractures were of the right calcaneus. The trauma mechanism was a fall from height in 11 (69 %), fall from stairs in four (25 %) and a twisting injury in one (6 %). The median follow-up was 48 months (IQR 27-105).
Twelve fracture-dislocations were classified as an EssexLopresti tongue-type and five as joint depression. The Sanders classification showed 12 type II injuries (nine IIA, three IIB) and five type III fractures (1 IIIAB, 4 IIIBC). All fractures were closed injuries.
Varus tilt on the anteroposterior ankle view was present in ten of 17 (59 %) fracture-dislocations. The cases where varus tilt of the talus was not present were all Sanders type II (six Sanders type IIA, one type IIB) fractures (p =0.09). The double density sign was visible in 16 of 17 cases (94 %). 
Surgical procedure
All patients were treated using an extended lateral approach. In one delayed case a primary arthrodesis with 7.3-mm cannulated screws was performed following open reduction and internal fixation. All other fractures were stabilised using a stainless steel non-locking calcaneal plate with stainless steel 3.5-mm screws (Fig. 4) . Of six patients with a substantial avulsion fracture of the fibula, two interfered with the peroneal tendons and were reattached including the lateral ankle ligaments via the same extended lateral approach (patients 10 and 16).
Functional outcome scores were available for 14 patients with 14 fractures. The median AOFAS was 74 (IQR 47-86), the median FFI was 18 (IQR 6-37) and the median VAS for overall satisfaction was 8.2 (IQR 5.5-9.4). One patient (case 15) was referred to us with a delay in diagnosis of almost three months. In this patient a primary subtalar arthrodesis was performed. Two patients (cases 4 and 10) eventually needed a secondary arthrodesis and in one case (patient 11) a secondary procedure is planned (total three of 16 fractures, 19 %). 
Discussion
Recent literature on surgical treatment of displaced intraarticular calcaneal fractures without locked fracturedislocation using both the AOFAS and the FFI shows results similar to our study [11] [12] [13] [14] [15] . We identified one previous study that included a functional outcome scoring system to evaluate the results of locked fracture-dislocations [16] . The authors described the injury as an intra-articular calcaneal fracture with lateral subluxation of the posterior facet, fracture extension into the CCJ, peroneal tendon subluxation and subluxation of the talus in the ankle mortise, with either complete disruption of the anterior talofibular and calcaneal fibular ligaments or fracture of the lateral malleolus [16] . With an average follow-up of 26 months the AOFAS score in this study was 80 points in 11 patients (representing 8.7 % of their population of surgically treated calcaneal fractures).
There are some marked differences between this study and our study. Even though the AOFAS scores were not that different we performed or planned a secondary fusion in one of five of these patients, as Ebraheim et al. did not perform any arthrodeses [16] . This difference might have to do with the follow-up which was twice as long in our study. Secondly, the definition used by Ebraheim et al. of a locked fracturedislocation did not hold true in some of our patients. For example, in CT scan-confirmed locked fracture-dislocation three of 17 did not have CCJ involvement and 7 of 17 did not show varus tilt of the talus.
These findings implicate that the functional outcome following surgical treatment using an extended lateral approach is similar to the outcome of intra-articular calcaneal fractures without locked fracture-dislocation of the posterolateral fragment. It should however be noted that in this small series the rate of a secondary arthrodesis of three of 16 (19 %) fractures is considerably higher than in most series on surgical treatment of displaced intra-articular calcaneal fractures, which might reflect that the locked fracture-dislocation can be considered a more severe injury.
Varus tilt of the talus due to a calcaneal fracture was reported by Jimeno-Vidal in 1960 and later by Carr in 1991 [1, 4] . The injury reported in this case was an initially unrecognised fracture-dislocation managed conservatively, resulting in a poor outcome. The cause of the talar tilt has been reported to be due to the rupture of the lateral ankle ligaments with or without the combination of a distal fibular fracture [7] . With the talus remaining attached to the sustentaculum the tuberosity displaces into varus as the lateral fragment dislocates lateral to the talus and behind the distal fibula [1] . In our study the locked fracture-dislocations not displaying a varus tilt were all Sanders type II, of which only one was not a Sanders type IIA. This might implicate that in order to create varus tilt the dislocated lateral fragment needs to be of sufficient width to push the talus into varus.
The double density sign in relation to the locked fracturedislocation is due to the superior dislocation of the fracture fragment, which is visible as a second density located superior to the sustentaculum overlapping with the talus [4, 6] . In 94 % of our cases a double density sign was visible. Therefore a double density sign is the most predictive finding in the locked fracture-dislocation injury.
In conclusion, locked fracture-dislocations are rare injuries. The dislocation is irreducible by conservative measures, leaving no place for conservative treatment in this type of calcaneal fracture. Our study shows that the patient-related outcome of locked calcaneal fractures is similar to the outcome of other displaced intra-articular calcaneal fracture types. However, a higher rate of secondary subtalar arthrodesis can be expected.
